NoW BNGLAND DIVISION
CORP3 OF ENGINEERS
PLANNING AND REPORTS BRANCH - ENGINEERING DIVISION

September 24, 1953

¥.0.8, Memorandum No, 53 - General - 2

SUBJECT: Floed Gontrol 8tudies - Kennebec River Basin,

1. ;ggﬁm;g, - This memorandum supersedes ¥.0.8, Memorandum ¥o,
52 = Beneral - Y4, of the same subject due to revisions in the plan for
poyer davelopmenﬁ, and the introduction of a different approach %o the
evaluation of flood control benefits derived from the regulation of a
power reservoir, |

2, Purpose, - This report describes the analysis of floods on ths
Kennebec River to determine their origin and contributions from principal
tributaries, the frequency of floods, and the flood reductions provided by
the power and flood control projects discussed in the preliminary repors
submitted by this offies to NENYIAC, and the land treatment program of the
Bapartment of Agriculture. A brief description of the methods of analysis
i# included with graphs snd %tabulations %o show the resulés of the study.
The data perbtaining to frequencies and flood reductions sre utiliged by the
yﬁamage Section to derive the anmual bensfits for the various projects.

3. History of Floods. - The six greatest floods of record on the

Kennebec River at Waterville, Maine (dreinags area 4,200 square miles) are

as follows:



December 16, 1901 157,000 c.f.8,

March 19, 1936 154000
May 1, 1923 135,000 "
March 2, 1896 113,000 "
March 28, 1953 110,000 "
April 15, 1895 103,000

Y, Fiood Data. - As noted in the previous paragraph, records of
floods were maintal ned at Waterville for meny years, principally by the
Hollingeworth and Whitney Co. The U.8. Geological Survey began to in-
stall zaging statiené in the early 1300°s and now have developed a net
work of recording stations in the Kennebec River Basin, Data for recsn
flood hydrogrephs were also obtained from the manufacturers and power
companies on the Kenmgbec River. In some cases the accuracy of this in-
fcrmé.tion is questionable dus %to the difficulties in developing rating
curves for the complex and varied means of discha.rge controls. The ﬂ.ood.
of March 1936 provides the firet major flood with sufficient discharge
records for detail anslysis. Adjustment to the records were made for ice
Jams which caused the maximum flood stages to be several fae'é higher than

they would have been for corresponding nabural flows.

5. Flood Frequancies. - The frequsncises of peak discharges were
determined at all gaging stations ‘in the basin (except Hoosehead Lake out-
flow) in accordance wi’e;_h the procedure described in Civil Worke Bngineer
Bulletins 51-1 and 5l=1h, gnd sgmmrized in P.0.8. Memorandum No, 52 =

Gensral - 3%, "Flood Frequency Studiés in New England", The frequency data
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for the gaging stations were used to derive frequency curves spplicable to
damage zones selected for economic studies. A tebulation of natural dis-
charge-frequency data for the damage zones is shown in Table 1. Adjustments
were made to frequency data for the Dead River at The Forke(Damege Zone 21)
and et Bingham (Damage Zone 19) to compensate for the effect of the rela-
tively new Flagstaff Begervoir 'on the Dead River. Hence, the tabulated
frequency data reflect the regulation at Plagsteff Resorvoir similar to the
flood control providsd by Moosshead Lake during the past ysars,

6, Monthly Flood Potential Indices. - The term "Monthly Flood Potenw

tial Indices® was coined %o indicate the monthly chance of occurrence of
floods expressed in percent, The sum of the twelve monthly indices equals
100%. The indices represent the monthly potentialities of floods and are
weighted valves thab consider the number of floods that may occur in sach
nonth with the geverity or magnitude of the flood., Various methods were
uged to develop the indices with the final values selscted from welghing
the results of the differsnt methods., The following methods were used:(a)
by relating the areas under monthly discharge-frequency surves plobtted on
arithmetic=-probability paper, (b} by comparing the summation of all monthly
discharges greater than a two year flood, and (c) by relating the monthly
damages in dellars that would have occurred at some typicsl damage zone
from the records of the past floods, Consideration was also given %o the
history of major storms in Hew E'ngland and their geasonal distribution.

Three gets of indices were adopted as follows:



MONTHLY FLOOD POTENTIAL INDICES

‘ Maine

Kennebec Androscoggin  N.H,,Vt.,Mass,
Month Pencbacot Saco and Conn,

January 1 : 1 2
February [ 1 2
March 13 15 31
April 28 38 25
May 35 i) 2y 8
June 9 6 4
July 1 1 1
August 1. 1 1
saptember' b 5 6
Octeber 1 1 2
Hovenber h L i
December 2 | 3 Ly

100 100 00

7 Analysis of Floods. -~ In studying the hydrology of a river basin,

it is essential to ascertain the origin and development of floods. Knowl-
edge of the magnitude and timing of trilutary flood contributions is neces-
gary in order %o evaluate the flood control effectiveness of various projects,
The determination of the flood-producing potentialities and characteristics
of the Kennebec River Basin were based on a study of the data collected during

the floods of March 193, November 19%0 and April 1951, These floods and
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their magnitude st Waterville are as follows:

March 1936 154,000 ¢.f.8.
November 1950 75.000 e.f.8,
&pril 1951 72g506 cofa 8¢

8, The Xennebec River was divided into basin sub=divisions (See Plate
1) and routing reéches for hylraulic analyses. The limits of the reaches were
taken at U.8.0.8, gaging etations, at the mouths of the principal tributaries,
and at other combrol points, Bxeellent information on the tributary contribu~
tions was providsd by the gaging station records near the mouths of the princi-
pal tributaries. For ungaged areas (go-called Ylocal areas! between known
points) the flood hydrographs were developed synthetically by comparison with
the hydrographs from gsged arsas. The component hydrographs for the basin
sub-divisions were routed to determine their com$ributions to the flood pesk
at downstrean damage cenbers,

9., Table 2 ghows the flood contributions from all major tributaries
and miscellaneous local areas at Bingham, Waterville and Augusta, It is
obvious that the flood-producing tributaries in the Kenmebec River Bagin are
primarily the Carrabassett and Sewdy Rivers. Austin Stream is also a high
contributor considering its relati vely small drainage area, Rivers of minor
importance in the development of floods are the Dead and Sebasticook Rivers.
Plate 3 shéws the psak discharge profile for the Kennebec River for all the
floods analyzed with & graphical presentation of the contributions from the
various tributaries.

10. Flood Routing. = Lag-average Flood Bouting (formerly called Straddle-
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Stagger) was adopted for use in the Kennebec River Basin in order to have a
gimple arithmetical method that could be readily derived and checked, could
be easgily applied %o determine the effect of proposed projects; and was com-
mensurate with the aveilability and sccuracy of the basic data. In brief,
the me thod (described in memorandum to Hydrology Files, dated 24 Beptember
1952, "8traddle-S8tagger Reach Routing") is empricial and involves the deter-
mination of routing coefficients for each reach, provided flood hydrographs
are known at $he upper and lower 1imits of the reach. Using the hydrographs
derived by sketch-routing the cosfficients for the number of periods %o be
averaged (Straddle), and the number of periods to be lagged (Btagger) wers
obtained by trial and were checked by reconstruction of the outflow hydre-
graph, The cosfficients for each rsach are $abulated in Table 3,

11. Typiesl Tridutary Contribution Flood, - To determine the discharge

reductions spplicable to various projects; a synthedic flood was derived %o
regpresent the most probable development of a flood in ths Kennebec River
Basin, This synthetic flood is calied the Typical Tributary Contribution
Flood (TTCH) . e storm, producing the TTCP, is assumed to be distributed
throughout the basin in an isahye%al pattern similar Yo the average annual
precipitation, A& study of the storms woduecing the thfee floods anslyzed in
the Kennebec River (March 19363 November 1950: and April 1951) indicated that
all were caused by storm patterns closely corresponding to the sverags an-
nual rainfall. Hence, the tributary componsnig in the TT0F were derived as
an: gverage of the contributions for each fleood where the coniributions wers
initially expressed as a percentage of the total peak flow at Waterville,

Haine,



12, The magnitude of the TPCF is entirely relative, While it is
pogsible té express the flood in terms of percentage of peak flows, 1%
is difficult to visualize a flood hydrograph in such ‘eeméo The hydro=
graphs were, therefore, arbitrarily assigned values in cubic feet per
second (c.f.s.) by assuming for simplicity that the 100% flood at Weter-
ville had a peak of 100,000 c.f.s. All tributary flows were then cone
verted from percentages to c.f.s. contributions. The components to the
flood hydrographs at Binghem and Weterville are shown on Flate 2. A
grophical summary of the TTC¥ showing the flood digcharge profile and
tributary contributions is shown on Plate 3. Application of the TTCF is
deseribed in paragraph 37.

13. The peak flowt of the PICF from the tributaries were also core
related with the discharge-frequency curveg, It was assumed that the psak
flows of the TTOF were related to the areas under the 4i scﬁzargéwfrequency
curves when plotted on arithmetic-probability paper, The probability lim-
its for area measurement were asswed $0 be between 50% chance of occurrence
(2 years) and 0.05% {2,000 years). Selection of these limits were 'baséd on
the fact that the % probebility ficod is the flood representing the ap-
proximate beginning of demages, while the 0,0%% probability is bthe upper
limit considered in sconomic snalyses.

14, Damage Zones. - In collaboration with the Damage Section, the

Kennebec River and iis principal tribubtaries were divided into damage zonss,
(not o be confused with routing reschses) to facilitate economic analysis.
In gelection of these zones, consideration was given %o lecation and magni-

tude of the damage within each gzone, tributaries flowing into the zone, and
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hydrsulic controls such as dams, bridges, falls, aud constrictions, A con-
trol point, designated as the index station, was gselected whersin the re-
lationghip between stage and discharge was characteristic of the entirs zone,
ﬁe demsge zZones with their geographical limits and selected index points are
shown on Table 5@ Stage-discharge curves and discharge-frequency curves (See
Table 1) were prepared for all index points. In instances vhers the stage-
discharge re;ationéhip for the index station waé not characteristic of the
entire zone, sub-gzones ware established and additional rating curves cobe
structed for their control points. Stage-demage curves for the sub-zones were
correlated with the index station by relating the stags-discharge curvesg.

15, Value of Flood Gonbrol Storage. - The approximate value of flood

control storsge was obtained for the principal tributaries in the Kennebec
River Basin in order to provids e measure for the initial sppraisal of flood
control reserwvoirs. The monetafy values of the storage were based on the
folloving criteria and assumptions:

a. 8ix inches of wtorage is required to provide a reasonably high
degree of control.

b, Uptimum benefi’s are devived by considering individusl control
of the tritutaries: thabt is, ressrvoirs on the tritutaries would be acting
alone; and not in combination with others.

¢s Value of storage is derived for the total drainage area of the
tributary, and any 10 square miles within the watershed of the iributary.

d. Except for areas with considerable variation in run-off charac-
teristics, flood devslopment ig uniformly distributed through the entire wabter-

shed of the tributary.



16, The Vvalue of flood contéo}. storage for 10 square uileg véas computed
to have data availsble %o evaluate the effect of controlling small drainage
areas, and to have a similar basis of comparison for all tributaries. IDue to
the curvature of the stage-dammge relationship the unit value per acre-foo$
of storage varies with the magnitude of the reduction, which in turn varies
with the size of the drainsge area being controlled. Hence, the valus of
storags for total tributary watergheds are not directly comparable with each
o ther,

17. The discharge reductions to be realized by controlling various tribu-
taries were obtained from the routing computations of the TTCF which provides
data on the individual coﬁ%ributions of each tributary to the peak flow at the
d apage center‘se The reductions, expressed as percentages, were used to deter-
mine the gpplicable annusl benefits, which weré then used to obtain the annual
benefits per acre-foot of storage on sach tridutary considered, The capital
value of the storage was determined by using a 5 percent rate of smortiszation.

18, ?he value of flood control storage for 10 square miles and the total

drainage area of the principal sributaries of the Kennebec River are ag follows:

Drainsge Value of Flood Gontrol Storage

; Ares. in Dollars per Acrs=Foot (1)

‘ﬁributarz . sgo Hio 10 sgeﬁia TQ‘!‘.&I nvo
Kennebec R, above The Forks 320<2) $10.50 $9.%0
Dead R, at mouth 358(2) 15,10 11.80
Augbtin Str. at mouth 92 32,60 23,80
Garrabassett R. at mouth - 395 16.10 13.20
Sandy B. at mouth 670 10.60 8.20
Sebasticook R. abt mouth 976 1,90 . 1.50

(1} Assuming 6 inches of storage for
applicable dralnage sreas,
(2) RNet drainage area.
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The value of flood control storage for regervoirs controlling drainage areas
between 10 square miles and the total watershed of the tributary may be ob-
tained by interpolation.

19. The low value of flood control storage, as shown in the above tabu~
lation, indicates thst economic justification of flood control reservoirs in
the EKennsbec River Basin isg very renots,

20. Plan of Davelopmen%, - Projects considered in this study for the

ievelé-pmen’c of the Kennebsc River Basin arse:
a., Flood control regervoirs.
b.  Power reservoirs,
¢, land treatment (Department of Agriculture).

21, The flood control snd power reserveirs (8ee Flate 1) are as follows:

DRAINAGE AREA
PROJRCT | RIVER 8q. MI.
Flood Control Reservoirs |
Anson Oarrabassett 341
Stark Sandy 625
Power Projpcte (Plan "C.1")
Mocsehead Lake Kennebeo 1240
Indian Pond ' ’ 1355
Gold Stream " 1416
The Forks " 2&59
Flagstaff Dead 520
Grand Falls “ 769 (groes)
2ho (net)
Pierce Pond Pierce Pond Stream 19
Greenleaf . Sandy 513
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22. The exisbting Moosehsad lLake already hae & great medifying influencs
on a1l floods and, a3 the considersd project would be similarly regulated,
no sdditional fiood control benefite would be atitributable. Similarly, the
present method of regulation of the new Flagstaff Hsservoir modifies all
floods fiows on the upper Dsed Biver. Indian Pond, Gold Siream and The Forks
are nn-of-river projects thé% will be vmaintained a%, or n@ar, full pool ab
a1l times for waximum powsr output, and hence will have 1little beneficial ef-
feck on reducing floods. Ir fact, due to loss of the nabural val:wy shorage,
aud decrease im the time of flood travel, these ressrvoirs will haws to be
r egulated very judicionsly in order to prevent a detrimental effsect on dowd-
gtresm flood flowe. Plerce Pond, a pumped storsge regulating veservoir, will
have no effect on floods,

23, The only projects in Plan "0-1" having eignificant flood conirel
effectiven®se are Grand Fells Reservoir oo the Tead River and Greenlsaf
Reservoir on the Sandy Biwwr. The Grand Palls development is being congidered
for storage snd regulation purposes and, ss the projest wAll be reguiated in
accordsnee with & prescribed rule ourve, storage will be segilable for flood
contrel on & seasonal basis. Ao importsnt festurs of this &yp@bf regulation
g the fact that the reservoir will be drawe down in ths early spring and thus
will provide available storage for the spring floods. The Greenlesf dsvelop-
ment ie also considersé for storage and regulation purposes; bowever, due $o
the mall smount of storage cempmcity in the regervoir, the flood control ef-
fectivensss ig goite small. There is no definite allocation of storage fov
flocd conbroel purposes in either reservwlr,

2,  Alithough flood contrel regerwirs do not sppear economically
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fessible in the Kennebee River Basin (B8ee paragraph 19), two such reservoirs
were included i.n this study for demonstration purposes of hydraulic snd eco-
monie analysis. The reservoirg, shown on Flate 1, ars Anson Heservoir on the
Carrabasset River with's drainags ama’af 34 sqﬁare miles and storage capse
¢ity of b.U inches, and $tark Reservoir on the Sandy River with a drainage
ares of 625 aquare miles apd 5.1 inches of storage capacity, Stark Reserveir
wvas included to illustrate the allocation of beunefite between two flood cop-
trol reservoire. In the comprehensive plan of development for the Kenna“bec
Hiver Basin, Greenleaf Reservoir located upstresm of Btark is considered in
lieu of the Btark flood control preoject.

25, Analysis of Flood Control Reservoirs. — For preliminary mnalysis i%

was assumed that the flood control reservolrs wers 100 percent affective for
the floods of record and the TTCF. This assumss that the storage ig either
sufficient %o store the entire flood without samy cubflew, or that the method
of vegulation will effectively desynchronize sall flood contributions from the
wabershed of the reservoir, The discharge reductions, applicable to the reser-
voirs, were obteined by routing the ficod hydrographs st the dam sites to the
downsgtream indexz points in accordance with paragraph 10 and deducting the
routed component hydrographs from the total observed hydrographs. Thie method
of anslysis provides optimm effectivenses of the flood conbtrol projects,
which in the future, may require some minor modificabtions when more detailed
regulation procedures have been devissd.

26, Flood Control Analysis of Power Reservoirs. -~ Due to the seasonal

fluctuations in the avsilable storage for control of floods, it was necessary

to devise a method of analysis $o determine the incidental monetary flood
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contrel benefits of power projects. The principal items considered in deter-
mining the fleod control effectiveness of this type of project are:

8 Monthly variation in available storage.

k. Hatural vallsy storage in reservoir area,

Co Beservolr effectiveness with various amounts of storage.

4. Monthly variation in floed frequsncy.

27. With reference to Plates 4 and 5, the following is a step by step

degseription of the method of flood control analysis of power reservoirss

8. The rule curve for regulation of Grand Falls Reservoir (Chart
A, Flate 4) was derived by the Power Seétion and is an envelope curve de-
veloped from anel yzing periods of 16w flow to determine storage requirements
which insure a prescribed minimuzé dependable flow.

be The powsr storage available on the first day of each month for
the twelve years studied is tabulated in Column & of Chart B. The difference
between the total capscity of the reservoir and théApewer storage ig the avail-
able flood conbtrol storage and is shown in Column B for each month, From this
tabulation, the average, maximum; and minimum storage available for floqd con=
trol was determined for the first day of esch month.

¢s & grephical presentatién of the monthly availsble £lood conbtrol
storage in inches is shown on Chart 0, Plate Y. The minimum storage curve was
adopted for determination of relative flood control effectiveness because it
represents the most dspendable and conservative condition, The average mini-
mum storage for each month is shown as a dashed bar-value. The natural valley
storage in Grand Falls Reservoir was insignificant end therefore was émitted

in the computations, In cases shere the valley storage is significsnt the ne%
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effective flood control storsge will be obtained by deducting the amount of
valley storage from the gross avallable storage. |

d. The flood control effecti weness of the regervoir for the vari-
ous amounts of monthly storage was taken from the curves on ?late 5.  The
curves are empirical and are baged on experience and Jjudgment gained from past
analysis of floods in New Bngland rivers. It has been found that approximately
g inches of storage is desirable for optimum control of floods resulting from
rainfall and snowmelt in the spring months of March, April and May, while 6
i.nchéa of storage provides a high degree of protection during the remainder of
the year. The slope, or curvaturs, of the lines betwesen zero and 100 percent
i s problematical, but the .‘a.ssmd gtraight line relationship is considered |
reasonable,

28, ‘The application of the preceding iteme is shown in the determina-
tion of the relative flood control effectiveness for Grand Falls Reservolr
(Chart D, Plate 4) and is described as follows:

a. line 1 lists the avallable flood contrel storage in inches for
each month for Grand Falls Reservoir as determinsd from Chart C.

b, Lipe 2 gives the monthly flood contral effecti veness in percent
for the various amounts of storage as obtained from Plate 5,

¢, ILine 3 represents the flood potentisl indiceg for Maine river
basins (See paragraph 6),

d. ILine 4 shows the fleood potential indices modified by Grand
Falls Reservoir and are obtained by relating lines 2 and 3.

e. Line 5 indicates a relative flood control effectiveness of U6, 4%

for Grand Falls Reservoir and is the arithmetic differsnce of lines 3 and Y.
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29, The relative flood control effectiveness is used to obtain the fiood
reductions spplicable to the project, It its assumed that a reserveoir having
100 percent effectiveness will provide complete control of the TICF, viz; there
will be no reservoir discharge during the flood. For Grand Falls Reservoir,
the PICF hydrograph at the reservoir was rednced 46,4 percent to obtain the
reservoir outflow. This flow was then routed downstream to the dsmage centers
to obtain the effective flood reductions. Further use of these data for eco~
nomic analysis of the flood control effects of the power regervoire is desscribed
in paragraph 37.

3. Greenleaf Reservoir on the Sandy River was similarly analyzed to de-
termine the relative flood conirol effectivensss. Charta A, B and §, similar
to those on Plate 4, are omitted in this summary, but the relative flood con-
trol effectivensss of Greenleaf Reservoir was determined to be 3.5% as shown
on Plate 6, Although this effectiveness is practically negligible, 1t is ine
cluded for further hydraulic and econonmic analysis.

31. It is recognized that the preceding method of analyzing the flood
control effectiveness of power reservoirs ig dependent on the correlation of
gseveral empirical relationsghips. There are many other varisbles that could
be introduweed into the problem, but it is difficult to properly evaluate these
factors into simple mathematical temrms., Such itemg to be considered are monthQ
1y flood volume frequencies, rules of reservoir regulation, and the effective-
nesa of the particﬁlar reservoif with the possibility that the floods may occur
in a year when there is either more, or less, available flood control storage
than exlsting under the assumed storage condition., It appears there is no

precise solution to such a problem with so many complex and unrelated variables



but the method described herein correlates the major elements and appears
- to provide reasonsble resgults.

32, Plood Control Analysis of the Land Treatment Program. - The ef-

fectivensas of the land treatment program oroposed for the Kennebec River
Basin has been determined by this office in collaboration with the Depart-
ment of Agriculture. The TPCF hydrographs for tributaries and local ungaged
areas were furpished to the Department of Agriculiure for their use, The
Department of sgriculture determined the effect of the land treatment progranm
on thess component hydrographs and furnished th@ dats to this of fice. The
modified component hydrographs were then combined snd routed to determine the
flood hydrographs at the damage cenbers on the main river. The effect of the
land trestment progrsm on the TTCH st selected points is shown on Table U,
33. According to advice from the Department of Agriculture, the noted
effectivenegs of the land breatment program is an average value derived from
studying floods in different seasons of the year, and, hence, is applicable
for economic gstudies vhen used in conjunction with the PICY, However, it is
recogni zed by the Department of Agriculture that the percent reduction due
to land treatment decreases with the larger floods. To allow for @his‘ varia-
tion, percent reductions for floods of various magnitudes were compared with
the reduction obtained, (1) for a fisod with s %0 percent chance of ocCUrw
rence {i.8,, a 2-year flood), and (2) fof the TT0¥., The regultant sets of
‘ratios are called “relative effectiveness indices" as measured by the 2.year
flood ani the TICF respectively. These relative effectiveness indices of the
land $restment program for the Kempnebec Biver Basin vary with flood magnitude,

expressed in terms of frequency, epproximately as followss
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FELATIVE BFFEOTIVENESS INDICES
OF IAND TRBATMENT PROCGRAM

PERCENT CHANCE  FBEQUENCY AS MUASURED BY AS MEASURED BY

OF OCCURRENCE = IN YEARS 2-YRAR FLOOD TECR
50 2 1,00 1.10
20 5 0,95 1,04
10 10 0,92 1.01

6.6 . 15 0.91 1.00 ('PTCF)
5 20 0.89 0,98
2 50 0.8k 0.92
1 100 0,80 0.88
0.2 500 0,71 0.78
0.1 1000 0.67 0.7h

314:, The relabtive effectivenegs indices of the land treatment program for
the 2-year flood are similar in all river basine in northern New Zrngland, How
aver, the relative magnitude of the TTCFR, expressed in terms of frequency, may
vary from basin to basin, hence, it should be noted that the relative effective~
ness indices as measured by the PICF listed above are applicable only in the
Kenrebec River Basin, On the basis of the arbitrary assignment of discharge
values as discussed in paragraph 12, the TU0F has a frequency of approximately
15 years in the Kennebec Biver Basin.

%5. The Damege Sschtion in their economic snalysis employ three frequency
ranges. Based on the last column of the tabulation in paragraph 33, the aver-
age relative effectiveness indices of the lend %reatment program as measured

by the TTCF for these three frequency ranges are:

- 17 =



DAMAGE FPREQUENCY RANGES AVERAGE RELATIVE EFFEOTIVENESS
INDICES OF LAND THEATMENT PROGRAM

PRROENT CHANCE TEARS AS MBASUEED BY TI0F
100 to 5 1 to 20 1.00

5 %0 1 20 %o 100 0.94

1 to .05 100 o 2,000 0,80

The application of the averags relative effectiveness indices listed above is

deseribed in paragraph 3.
36. Bffect of Projects on Floods of Record. - Table l shows the effect

of various projects on floods of record and the TICF. In detemining the flood
control effectiveness of power reservoirs on past floods, it was nscessary ‘;o
know the amount of storage in the reservoirs available for flood conbrol during
the given month in shich the flood occurred, However, in the absence of de-
tailed storage analyeis at Grand Falls Reseﬁair during the flood periods under
congiderabion, it was assumed that the curve vepresenting the average availsble
flood contrel storage (Chart G, Plate U) was applicable for the floods of March
1936 and November 1950. This vesulted in a 100 percent flood control effective-
negs for Grand Falls Resezfvoir for these two floods., The available storage in
Greenleaf Reservoir during the seme months shows & flood condrol effectiveness
of 33% for an average month of March and 29% during November., Upon exemination
of the run-off from both the Sandy and Dead Rivers during the two pesked flood
of March 1936, 4t was found that the volume of the first pesk would have utili-
zed the total storage capacity of Greenlesf, hence, the reservoir would have
hed no effect on the second and largest peak. The available storage at Grand
Falls was sufficient $0 contain the total volume of run-off and remained 100%

sffective,
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37. Bcopomic Analysis., — The economic snslysis of flood control and

power reservoirs wers meassured entirely by the development of modified fre-
quency curves that indicate the change in the proba‘bility of the flcod's
recurrence, The TTICF is used ag the typical flood %o determine the average
effecti veness of the project within the basin, In genersl, the TTZCF itself
cannot be expressed in terms of frequency, or as having any definite chance
of occurrence, for as noted in paragraph 12, the magnitude of the flood is
only relative., However, the effect of proposed reservoir projects on the
TICYF in terms of percentage reduction can be applied to all reasonable ranges
of floods, Hence, the modified frequency curves are drawn with all discharges
reduced in sccordance with the percentage decrease determined by the effect o
the project on the TICH,

38. The effectiveness of the reservoirs was checked for a rare flood
with a frequency of 2,000 years by increamsing both the volume and peak of the
TPCF. It was found that uncontrolled spillway discharge wonld sceur at all
reservoirs during the recession side of the flood hydrogrépha but dus to the
flood hydrsulics of the Kennebec River Besin the spillway discharge would ned
synchronize with the main river peaks. Henve, the reservoirs were equally
effective in modifying the peaks of the large rare floods as they were for the
floods of record. This compubabion substantiated the constant percent reduc-
tion appliedrta the natural frequency curve in order to determine the modified
curve, This procedure, however, should be applied to each river basin to check
the effectiveness of proposed reservoirs during the occurréme of a rare flood.

39, Baged on the methods described in the yreceding paragraphe, the re-

ductions of all prejects on the TT0R were debermined acting alons and in vari-
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ous combinations., Table 6 shows a complete tabulation of these data for use
by the Demage Section %o determine the annual flood control benefits attri-
butable to the various projects, The following notes describe the use of
thege data for the economic anslyses of assumsd inbegrated basin programs
and the allocation of benefits to the projects therein:

8. Golumns 3, 4, 5 and 6 ghow the individual reductions of the
four reservoirs considering each one acting alone,

j Column 7 summarizes the discharge redactions provided by the
land dreatment prograam. Th# three gub-columns show the variation of the ef-
fectiveneass in the threse frequency ranges described in paragraph 35,

¢, Columns 8, 9 and 10 show the reductions provided by the reser-
voirs in various combinations, The amnual bemsfite to be allocabted to each
regerveir are proportional te the percentage reductions of each reservoir
acting in&ividuallyo It isknoted that 3tark leservoir was studied for the
acadenic purpose of allocation of benefits between two flood conbtrol resey-
voirs (Columns 6 and 8) and is replaced by Greenleaf Heservoir, alsc on the
Sandy River, ip the plan of dsvelopment of the basin,

d, Columns 11 and 12 show %the redustions obtained by the reger-
voirs and land treatment, The sub-divisions A, B and C indicate the effec-
tiveness of the land Hreatment in the three frequency ranga@; In allocation
of the benefits to the prejecits, the reservoirs normally receive the initial
benefits snd the land treatment progrsm is allocated the residual. For ex-
ample, the allocation of benefits to the projects indicated in Column 12 at
Madison ig as follows:

(1) The reservoirs receive the same allocation of benefits
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derived for a totsl reduction of 34.8 percent as shown in Column 10,

(2) The land Hreatment program receives the residuai benefits
or the difference betwsen the total benefits and those allocated to the
reservoirs.

e, It is assumed the above method of allocation is applicable
~ouly wien the relative flood control sffectiveness of a reservoir is more
then twice the reduction obtained from land treatment over the drainage
area above the reservoir, The relative effectiveness of (rand Falls is
U6, 4% ss compared with 3.1% for lsnd treatment snd thus the benefits %o ths
réservoir are allocated as described in the preceding paragraph, However,
the relative effectiveness of Greenleaf Reserwoir is only 3,5% (Plate 6)
compared with a reduction of 6.8% applicable to land treatment on the water-
ghed of Greenleaf Reserveir. For these conditions the following method of
determining reductions and allocations was adepted,

{1) The TTCF inflow hydrograph at the reservoir was firsi
reduced by land treatment and then further modified by the relative flood
conbrol effectiveness of the reservoir (3.5%). The modified TTCF hydro-
graph, reduced by both land treabment and the reservoir, was then routed
downstream to devermine the effective discharge redueti'ons ab the demage
centers,

{2) The allocation of benefits to Greenisaf Reservoir and
the land Yreatment was then determined in accordance with the progedure
described in paragraph 3Pd.

g, This memorandum was prepared by B.¥F. Childs, Chief, Hydrology

and Hydraulic Section with the assistance of J. Degen,

Ho (Ao
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Atts, - 6 Tables & 6 Plates
Table 1 - Tabulation of Frequency Curve Data
2 - Tributary Contributions to Floods
of Record and the TICF
3 = Lag-Average Reach Routing Coefficients
Y = Bffect of Various Projpcts
5 « Description of Damage Zomes - 4 sheets
6 -~ Discharge Reductions Provided by
Various Pro jects
Plate 1 ~ Basin Map
2 « Typical Tributary Contribution Flood Hydrographs
at Bingham and Waterville, Maine
3 = Flood Discharge Profiles and Tributary Contributions
4 . melative Flood Control Iffectiveness of Grand Falls
Begervoir
5 = Flood Controel Bffectivensss of Power Reservoirs
6 - Belative Flood Control Bffectivencss of Greenleaf
Beservoly,
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TABLE 1

TABULATION OF FREQUENCY CURVE DATA
FOR
DAMAGE ZONES

ZONES
20

4] 411 23 (445 2Zh el 1

Freq.
In Austin Str. | Carrabassett Sandy R. Sebasticook Sebasticook | Dead R.at | Kennebec Be~ Kennebec
Years at Bingham | at N. Anson at Mercer | at Pittsfield at month The Forks | low The Forks | at Bingham

2,000 20,200 62,000 65,000 25,900 32,000 21,900 12,500 7k, 300
1,000 17,500 55,000 59,000 23,L00 28,800 20,400 39,600 69,100

100 1, hoo 146,500 50,500 20,500 25,000 18,500 35,900 62,300

200 12,300 140,500 Lk, 200 18,500 22,300 17,200 33,400 57,100

100 10,500 35,400 38,900 16,600 20,000 15,800 30,700 52,500

80 10,000 33,900 37,200 16,200 19,400 15,500 30,100 51,400
66 2/3 9,600 32,900 35,900 15,800 19,000 15,100 29,300 50,300

50 8,800 30,300 33,800 15,000 17,800 1L,600 28,300 118,100
331/3 8,000 27,800 30,500 154,000 16,700 13,700 26,600 145,300

25 7,100 25,900 29,000 13,200 15,800 13,100 25,400 43,300
10 5,600 20,400 23,000 10,900 13,000 11,300 21,900 37,300
5 I, 00 16,100 18,700 9,200 11,100 10,000 19,100 32,600
1/3 3,700 114,200 16,300 8,200 9,900 9,200 17,800 29,700
1/2 3,200 12,700 1, 400 75400 2,000 8,500 16,500 27,600
2 2,800 11,700 13,000 6,800 8,200 8,100 15,700 26,200
2/3 2,500 11,000 12,000 6,300 7,600 T, 100 11,900 25,000
/16 2,300 10,300 11, k00 5,800 7,000 7,400 1, k00 24,100
/L 2,100 9,800 11,000 5,600 6,600 7,100 13,800 23,200
1/8 2,000 9,300 10,500 5,300 6,400 6,800 13,200 22,500
1/16 1,900 G ,000 10,300 5,200 6,200 6,600 12,800 22,100
/64 1,800 8,600 10,100 5,000 6,000 6,100 12,L00 21,500
1,700 8,400 10,000 14,900 5,800 6,300 12,200 21,200

S Bt el et B B PO R
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37,800

“IT& I8 15akita e IL 9% 10 T% 8 5% &

15b&16b 11 & 12 3&k

Kennebec l&2
- Kennebec Kemnebec | Keunebec Kennebec at Below Kennebec

at Madison |at Skowhegan | at Shawmut Waterville Sebasticook | at Augusta
. 128,000 257,000 290,000 318,500 349,000 345,000

117,800 227,000 252,800 278,000 303,000 300,000
104,000 193,000 215,000 237,000 250,000 248,000
94,000 169,000 187,000 203,000 218,000 215,000
814,900 147,000 159,600 172,200 186,500 185,000
82,500 142,000 153,000 168,000 179,000 177,000
80,500 137,000 19,500 161,000 172,000 170,000
76,000 127,000 137,000 147,000 159,000 157,000
71,500 116,000 123,000 132,000 143,000 141,000
67,800 108,000 115,000 122,500 133,000 131,000

6ly5 600 102,000 108,900 115,600 124,500 123,000
56,400 85,100 90,200 9,600 101,500 100,500
L7,900 66,400 12,000 Tl 500 79,600 79,300
13,000 60,000 63,800 65,300 70,000 69,700
38,900 55,200 58 4200 59,800 611,000 63,900
36,000 51,500 53,900 55,500 59 4600 59,400
3%,200 18,200 50,800 52,000 55,800 55,600
32,900 15,500 147,900 L9 ,000 52,500 52,300
31,300 43,100 45,100 146,400 49,700 19,500
30,100 11,000 143,100 Ll ;000 116,900 L6, 700
29,500 39,700 1,700 L2, 600 L5, LOO 15,200
28,600 138,500 10,200 141,000 1,3,800 143,600
28,000 39,700 10,500 143,000 42,900

TABLE 1




TABLE 2
KENREBEC RIVER BASIE

TRIBUTARY CONTRIBUTIONS O FLOODS OF RECORD
AND THE
FTYPICAL TRIBUTARY COWTRIBUTICR FLOOD

CONTRIBUTIHG D, &, _MARGH 1936 ==~ BR 1950 AP 21.C.F,
LOCATION COMPOMERT $Q. ML, g 5 g BARGE g DI SCHARGE

The Forks Ksznebes R, 320% 26, g IO,ggo b6
Dsed E. o 818 13, 12,400
3,188 100.0

55,10

Eennedee B, 120% 22.0
Dead R, B8 60.h4
local Area 62 11,2
Austin Str. 92 6.4
1,852 100.0
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TABIE 3
KENNEBEC RIVER BASIN

LAG-AVERAGE RBACH ROUTING COEFFICIENTS

Reach Limits ’ {oefficients
Routing Average Lag (in no,of
Reach (in no.of periods from
Noo B.M, Description ?eriads! middle of average)
140.,4  The Porks(V.8.6.8.0ags)
1 0 0
11705 3121@11% (UnSoGeSoG%G)
2 3 2
101l.1 Mouth of Carrabassetst R,
3 5 1
93.0 Mouth of Sandy R.
b 5 2
g1.4k Skowhegan (Weston Dam)
5 9 2
62.5  Wsterville
Hollingsworth & Whitney
Paper Co. Dam
& 9 1
k3,5  Avgusta
Weathe r Burean Gage
NOTHS:

1. These routing coefficients are applicable only for instantaneous
flows expressed in ¢, £.8, for 2-hour intervals of time,

2. Lag-Average coefficients are noymally oxpresséd ae
AVBBAGE /LAG « n hour c.f.8.

Exemple. 5/1 - two hour c.f.s. denotes an Average of five

ingtantaneous 2-hour c.f.8. and a Lag of one E-hour
veriod.

TABLE 3



TABLE  §

EFFECT OF VARIOUS PROJECTS

March 1936 : November 1950 ToT.CaF,
Natursl Reduced Natural Reduced Natural | Reduced
Peak Peak Reduction Peak Peak Reduction Peak Peak Reduction
Proéects(a) C.F.S, CsFaSa % CeFeSe CoFaSoe % C.F.S¢ CanS.' %

BINGHAM DaAa 2710 SQ¢Mi\b

GoFs 57,800 | 140,L00(b) 30.1 28,600 | 22,230 20.9 35,600 | 31,600 11.2
L 57,800 (c) - 28,600 {c) g 35,600 | 34,900 2,0
GoF. and L 57,800 {c) - 28,600 (c) FH 35,600 | 31,200 12,k

MADISON D.A. 3210 Sq.Mi»

| GuF. 79,000 67,500(b) ih.1 50,000 143,870 12.3 58,600 | 55,100 6.0
A 79,000 62,100 20.Y 50,000 36,970 261 58,600 | 42,000 28.3
L 795000 {c) .- 50,000 {e) - 58,600 4 57,800 1.4
GoF. and A 79,000 1  45,000(b) 4i3.0 50,000 31,400 37.2 58,600 | 32,200 4.8
GsFa, 4 and L 79,000 {e) - 50,000 {c) o 58,600 | 37,5% 3549

WATERVILLE D.&. 4200 Sq.Mi,
GaF. 151,000 | 138,000(b) 8.6 75,000 70,020 66 100,000 | 57,000 3.0
A 151,000 | 126,000 16.6 75,000 62,300 16.9 100,000 | 23,300 16,7
G 151,000 | 151,000 5} 75,000 70,750 5.7 100,000 | 99,%00 0s5
L 151,000 () “ 755000 {c) - 100,000 | 97,290 207
GeFay4 and G 151,000 | 115,300(b) 23.6 75,000 53,350 28.9 100,000 | 79,400 2046
GoFo, A5G and L 151,000 {c) - 75,000 c —- 100,000 | 76,800 23.2

Loy G

&} Projects
(&) | Revised - December 2, 1953

G.Fs Grand Falls Res. {Power Reservoir on Dead River)

G Greenleaf Res. (Power Reservair on Sandy River)
A &nson Res. (Flood Control Res. on Carrabassett River)
L Land Treatment Program

{b) Data reflects reductions due to Flagstaff and Grand Falls Reservoirs
of which 60% is credited to Flagstaff Reservoir and 40% is credited
to Grand Falls Reservoir.

{¢)} Data are not available.




Z0NEB
NO.

1

S

10

11

HIVER

Kennsbec

TABIE 5

IESCRIFTION OF DAMAGE ZOTES

DBSCRIPTION
oF zZ0Ne

lefs Bank - Richwong-
Dreaden Bridge to Dresden-
Pi¢taton Line,

Right Bank - Below
Bichmond-Gardiner Town
Iine,

“deft Bank » Dresdsn~

Pittaton line to Point
opposite Farmingdalsw
Hellowell Line,

Right Bank - Richmond-
Gardiver Line %
Parmingdale-Hallowell
Iine,

Left Bank - Point oppo-
site Farmingdale-Hall ow-
well Line to Augusia Daam,

Farmingdsle-Hall owell
dine to Augusta Dam.

Left Bank - Augusts Dam
%0 Leckwood Dam.

Right Bank - Augusta Dam
to Lockwood Dam.

Left Bank «~ Lockwood Dam

to Hollingsworth-Whitney
mm; Wimz.@%%

BRight Bank - Lockwood Dam
to Hollingsworth-Whitney
Dam, Waterville.

Lefs Bank - Hellingsworthe
¥hitney Dam abt Winslow %o
Central Maine Power Co,
Dan at Shawmut,

INDEX
STATION

Mile 27+ (Richmond)

Mile 27+ (Bichmond)

Bridge = Bieate Bwy,
#226 (Gardiner)

Bridge - State Hwy.
$#226 (Gardiner)

UuB.W.B. Gags, Mile
U3 (Auvguste)

U.8.¥.B. Gag@p Mile
L3+ (Augusta)

Mouth of Sebasticook
Rﬁ el ﬁilﬁ 6lz

Houth of Sebasticook
R - Mile 61_;‘5:

Pailwater -~ H&W Paper
Go. Dam (Waterville)

Pailwater - HEYW Paper
Go. Dam (Waterville)

Bridege - State Hwy. #11
(Pairfield)

TABIE 5



ZONE
NO.

i2

13

1k

154

164

158

1638

17

18

19

RIVER

Kennebse

]

TABIE 5 (Cont‘d)
TBSCRIPTION OF DAMAGE ZONBS

IESCRIPTION
Qr 208K

Right Bank - Holllingsworibe
¥hitney Dem at Waterville
to Central Maine Power Co,
Den at Shawmut.

Ieft Bank -~ Central MHaine
Power Co, Dam at Bhawwut Lo

Weston Dam st Skovhegan.

Right Bank ~ Uentral Maine
Power Co., Dam ab Shawmub Ho
Weston Dam at Skowhsgan,

Left Bank - Weston Dam at
Skowhegan to Mouth of Sandy
River,

Heht Bank - Weston Dem at
Skowhegen to Mouth of Bandy
River,

Left Bank - Mouth of Bandy
River to Great HNorthera
Paper Co, Dam at Madison,

Right Bank - Mouth of Sandy
Biver 0 Great FRorthern

~ Poper Co. Dam at Madi son.

left Bank - Great Northern
Papeyr Go. Dem at Madison
to Willisms Station Dam a$
Solon.

Right Bank - Great Northern
Paper (o, Dam at Madison %o
Williamg Station Jam ad
Boleon,

Williems Station Dam &%
Solon to Yyman Dam at
Binghan.,

INDBX
STATION

Bridge - State Hwy.
#11 (Fairfield)

Bridge - 8tate Huwy.
#24 (Mile 73+)

Bridge - 8tate Hyy.
$2i (Mile 73¢+)

Mile 86+ (Norridge-
woelk)

Mile 86+ (Norridgs—
wock)

Pajlwater -~ Gread
Northern Paper o,
Dem (Madi son)
Pailyater - Gread
Horthern Paper Ce,
Dam (Madison)

Mile 96,0 (Madison)

Mile 96.0 (Madison)

Ue soGo 3 < G&g@(Binghﬂm)

TABLE 5 (Cont!d)



ZONE
NO.
20

21

228

228

234

238

230

23D

2la

24

240

24D

2us

25

RIVER

Kennebece

Dead

8ebasticook

Sandy

Carrabasaett

Austin Bbr.

TABLE 5 (Cont'd)
DRSCRIPTION OF DAMAGE ZONES

DESCRIPTION
OF 2018

Wyman Dam &b Bingham teo
The Forks,

Above The Porks.

Fors Halifax Dam to Waldow
Somerset Oo, Lins,

Above ¥alde-~Sowsraset (o,
Yine,

Mouth to Madison Elec, CGo.
Dam (Part of Reach 164).

Madison Blec. 0o, Dam %o
U.8. Route 2 Bridge at Hew
Sharon,

U.8. Route 2 Bridge ab New
gharon to FParmington Falls
Ten.

Farmington Falls Das te
Farmington,

Keanebec River 1o former
North Anson Dam. (Part
of Reach 18).

Formsr Anson Dam %o former
Franklin Powsr Co. Dam.

Former Franklin Power (o,
Pan to Bast Hew Portland
Pam,

Bast Hey Portland Dam to
Hew Portland Suspension
Bﬁdg@» :

New Portland Suspension
Bridge to Kingfield.

Mouth to U,8.G.8.CGage
above Highway Bridge.

INDEX

STATION
Wyman Dam (Headwater)
UeB.G.8.6age (The Forks)
Bridge - Mile 72+
{Clinton)
Uoggﬁ'es»G‘agﬁ(?it’thi@ld)

(Seme 88 16A4)

U.8.8.8.6age (¥r,
Mercer)

Mije 111.5

Mile 121,9

(Same az 18)

U.8,6.8.0age (N.Anson)

UoSuGQ SQGage (Ng&ﬁﬁ@h)

U.8.6.8.0age (N.Anson)

U.8.G.8,.6age (N,Anson)

UoB,.0.8.0mge (Bingham)

TERLE 5 (Cont'd)



TABLE 6

DISCHARGE REDUCTIONS EXPRESSED IN PERCENT PROVIDED BY VARIQUS PROJECTS AS MEASURED BY THE TYPICAL TRIBUTARY CONTAIBUTION FLOOD

1 2 3 b 5 6 7 8 9 10 11 12
PROJECTS (&)
G’oFo G A s L A & S GOFO & G G»Fo 3G & A. G’oFo ,G & L GnFogGgA&L
LOCATION DAMAGE ZONE % % % %(a) %(b) %(d) % % %{b) %(b)
4 B o A B o A B C
Kennebec¢ River
Bingham 19 11.2 0 0 0 1.6 1.9 2.0 0 11.2 11.2 12.2 12.% | 12.4 12,2 | 12.3 | 12.4
Madi son 17318, 15bliéb 6,0 0 28.3 0 1.1 1.3 BRUI 2843 6,0 2} o8 €7 6.9 7.0 35,6 35,8 35,9
Skowhegan 15a & lbe 3.7 0.8 17.2 29,9 2.3 2.7 2.9 7.6 ha7 2248 6.9 743 7.5 2ho6 2.9 251
Shawmut 13 & lLL 332 0@? 1700 2506 Zoh 208 300 uZQh h-co 2101, ‘ 603 607 659 239),; 2368 2)4.00
Waterville 11£12, 9%10 %,0 0ub 16.7 2Le0 262 2.5 2.7 10.5 368 20,6 548 663 6.5 2247 23.0 23.2
Below Sebasticook Re 7 & 8 2.8 066 15.7 2240 262 2.5 2.7 37,g 35 192 5s5 6,0 662 21aly 2167 219
Augusta 5&6, &b, 1&2 2,8 066 1he5 2Ly | 261 | 2.4 | 2.6 35. 3.5 1860 . Selt 567 569 | 2061 206l | 2066
Tributaries
Dead miver 21 22,3 0 0 0 245 2.9 3.1 0 2.3 22,3 22.5 32,6 2.7 22,5 32.6 32,7
Austin Stream 25 0 0 0 0 Le6 5.5 5.8 0 Q 0 Leb 565 568 lia 6 5¢5 5.8
Carrabassett Re 2hb,2he,2hd &RhLe 0 0 (c) 0 1e0 b7 5.0 (c) 0 {c) L0 L7 5.0 1.0 Lo T 5.0
Sandy R. 23b, 23c, 23d 0 (c) 0 (c) Seli 6.l 6.8 (¢) (c) (c) Sl i 6.8 Sl N 6.8
Sebasticook Re 22a & 22b 0 0 0} 0 1403 S»l Seh, 0 6} 0 h¢3 501 Sah 1.%3 Sol Soh
(a) Projects
G.F. Grand Falls Res. (Power Reservoir on Dead River) Revised « December 2, 1953

Greenleaf Res. (Power Reservoir on Sandy River)

Anson Res. (Flood Control Reservoir on Carrabassett River)
Stark Res. (Flood Control Reservoir on Sandy River)

Land Treatment Program

Lgell ¥ 8= #0 ]

(b) Frequency Ranges
A - 2,000 to 100 years
B - 100 to 20 years
C = 20 to 1 years
(c) Damage zones are located in or upstream from the reservoir area,
(d) Stark Reservoir was studied for academic purposes only to demonstrate allocations between

flood control reservoirs. Greenleaf Reservoir, located upstrean of Stark Heservoir, is
included in the recommended plan of development of the Kenngbec River Basin.

TABLE 6
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INDEX TO SITES

Project

Type

JMoosehead L ake

Power

indian Pond

Power

Cold Stream

Power

Flagstaff

Power

7A) Grand Falls

Powey

The Forks

Power

Pierce Pond

Power

Anson

Flood Control

Stark

Flood Control

Greenleaf

Power
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BASIN SUB-DIVISIONS
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ipti reg 8\ - | e
Description in Sq Mi| ' A U.SG.S. GAGING STATIONS

s el PROPOSED PROJECTS
) | Kennebec R. above The Forks liggg =

Dead R, at mouth 878

L.ocal area (The Forks to Bingham) i62

Austin Str. at mouth ' 92

Local agrea (Binghom to Carrabassett R.) 80

Carrabasset? R. at mouth

Sandy R. at mouth

Local grea (Carrab. R. to Skowhegqn)

Local area (Skowhegan o Waterville) | KENNEBEC RIVER

Sebasticook R. ut mouth AS% .
B NEW ENGLAND - NEW YORK INTER-~AGENCY COMMITTEE
)| Local area (Waterville to Augusta) by JUME 1952

SCALE N MILES

ARBY KED BOSTON JUNE 1,1958 : g
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NOTE

TYPICAL TRIGUTARY CONTRIBUTION FLOOD
REPLECTS THE OPERATION OF FLAGSTAFF
RESERYOIR ON THE DEAD RIVER,

LEGEND
ORBINAGE AREA N SOUARE MILES.
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FLOOD DISCHARGE PROFILES
AND
TRIBUTARY CONTRIBUTIONS
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Febroary. Aprik May Novembar Ducenbsr
A B A B A 5 A B & B

2,142 11,620 1,607} 2,155 2,486 2 2,988 1,060 | 2,512 1,250
2,138 1| 1,62k 1,606 { 2,157 { 1,80L 3 38 2,511 1,075 246311 1,131
2,060 11,702 1,026 1 2,336 11,956 2 361 2,980 1,066 12,636 1,126

1 e COMPOSITE CURVE: FOR FLAGSTAFF: ARD ‘GBAND' FALLS ‘RESERVOIRS
(Dependable fiow 992 C.F.8.) 21381 1,60k L 1,600 | 2,162 | 2,48 ¢ 3 1,307 2,682 | 99912763

: 1381 3,32 3 101 3,752 2;127 1,809 11,7560 2,006
1,272 | 2,450 . 755 13,007 %2 $32:12,983 779 1,059 12,6391 15123

BN 2,108 | 1,85) 2,17k 375 2,104 {1kl 2,318
~ : 1204 4,028 2,33, 1,605 2,157 %} 0 22 5 3,065.12,637] 4,125
I 500] 2,0k | 1,618 A 1Th 1 1,70 12,052} 1,710

™ : : 1,960 | 1,802 2;160 30 13,2061 2,265 1,517
1,586 2,176 2,681 3 Iz 7 2,501 | 1,307} 2,155
932 | 2,830 627 159} 3,303 NS 156 - - =

FLAGSTAFFP. RESERVOIR
{Dopondadble: flow 619: C.7.9.
i

] ; Total (misefs) 215798 29,818 17,328 18,52k
| : Avge (mesafa) 1 ]1,829 2,066 2,U85 1,866 1,684
(inches) 8,32 9439 11,29 7,12 766

STORAGR | IN: THOUSAND ‘MOETH SECOND FEET

Max. (mesife) | 3,039 35324 3,752 2,682 2,763
(inches) [ 13.81 15210 1705 129 12,55

Hine (mesafs) 1,350 1,618 1,774 1 1,05% 1,123
(inches) 6413 7.35 8,06 .81 sae

HAY JURE JULY: AUGUST SEPTEMBER OCTOBER HOVEMBER DECEMBER

1+ Cole A denctes availsble power: storage in M,S.F.

RULY  CUBVZS FOR REIGULATION OF POWER STORAGE 2. Col, ‘B denotes available flood contrul storage in: M.S.F«

APPLICATION OF ‘RULE CURVE ‘TO:DETERMINE AVAILABILITY OF FLOOD CONTROL STORAGE

- HAXIHUM

Description

Aveilable Flond Control Storsge’ in Inches (From Chart C)

Monthly Flood Control Effectivensss in Percent (Fron Plate

Flood Potentizl Indices

Madified Flood Potential fndices [Line 3 x (100 = line 2}

Relative Flood Control Effectivenese (Line 3 = Line L)

DETERMINATION OF ‘RELATIVE: FLOOD ECUNTROL EFFECTIVENESS

AVATLABLE FL.OUD: COSTBOL STORAGE I INCHRE

e

= KENNEBEGC RIVER BASIN

WINTHM (Adopted for determination’ of relativs
£1063 control sffectivenoss)™ Period of record

/ Jan: 1938«0ct 11949

{ values for 1t day GRAND FALLS RESERVO‘R

o1 pach month})
_ RELATIVE FLOOD CONTROL
T AGUST SRETREER  OOTOEHE TOVEMBER T DECIMEER EFF ECT'VENESS

NOTR
— <= Monthly Averaze

AVAILAELZ TLOOD CONTROL 3TORAGK

NEW ENGLAND DIVISION, BOSTON,MASS.
MAY 1953

PLATE 4
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~ STORAGE IN INCHES AVAILABLE FOR FLOOD CONTROL
NOTES

I.  The above curves represent the percent effectiveness of a reservoir
in relation to the seasonal variation in the storage available for flood
control.

2. The curves are applicable only fo projects operated for power
purposes , and do not apply to reservoirs that include o definite
allocation of storage for flood control.

NEW ENGLAND RIVER BASINS

FLOOD CONTROL EFFECTIVENESS

OF
POWER RESERVOIRS

ARMY NED BOSTON DEC.1953

PLATE 5
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LINE DESCRIPTION J ¥ M 1 4 K Jd J 4 S 0 ¥ D ANNUAL

1 | Availsble Flood Control |1.Y% | 1.8 | 1.1 o 4] ¢ 0 .1 | 0.5 | 0.6 | 0.1] 0.6 -~
Storags in Inches

2 | Monthly Flood Contrel 23 0 18 0 8] 4] s 2 g 9 2 10 -
Bffectiveness in
Percent

3 | Flood Potential Indices | 1 1 13 281 351 9 1 1 b 1 i 2 :100,0

RRER) ERRREEENELRERRANER RS tnn e

% | Modified Flood Potentiml|0.8 | 0,7 | 10,7 28:;0 35.0 9.0 | 1.0 1.0 327 0.9 3.9 1.8 96,5
Indices '
[lizne 3 x (100 - Line 2}

5 | Belative Flood Control 3.5%
Bffectiveress ‘
{line 3 - Line 1)

pe P 30 I A8 Tw

KENNEBEC RIVER BASIN
GREENLEAF RESERVOIR

RELATIVE FLOOD CONTROL
| EFFECTIVENESS

jNEW ENGLAND DIVISION-BOSTON, MASS.
z MaY 1953




LINE DESCRIPTION d ¥ M 1 4 M J J A 8 ¢] ¥ B ANNUAL

1 | Available Flood Control 1.4 | 1.8 1 1.1 | © 0 o} 0 | 0.1 0.5 0.6 0.1 0.6 -
Storage in Inches

2 | Monthly Flood Control 23 n 18 g o & 0 2 g g 2 i0 -
Bffectiveness in
Percent

3 | Floed Potential Indices | 1 1 13 28 351 9 1 1 IS | Ll 2 | 100.0

i
|
|
i
j

Ll R S L s + i i

4 | Modified Flood Potential|0.8 | 0.7 = 10,7 28,0/ 35.0 9.0 | 1,0 | 1.0 3.7 0.9 | 3.9 1.8 | 96,5
Indices {

[line 3 x (100 ~- Line 23

Relative Flood Contrel 3.5%
Effectivenesgs
{lins 3 - Lins I}

W]

Y oIALY IQ

KENNEBEG RIVER BASIN
GREENLEAF RESERVOIR

RELATIVE FLOOD CONTROL|
EFFEGTIVENESS

NEW ENGLAND DIVISION-BOSTON, MASS.
. MAY {953




